(39.8*C) newly synthesized "G" protein accumulates in membranes of the ER. At the permissive temperature (32C) the "G" protein is transported from the ER to the plasma membrane using host cell-specific mechanisms (Knipe et al., 1977; Zilberstein et al., 1980; Rothman, 1981; Bergmann and Singer, 1983) . The exocytic pathway of many viral membrane glycoproteins, determined using immunoelectron microscopy, is as follows: the glycoproteins appear first (by 5 mm) in vacuolar or tubular structures on the cis side of the Golgi stack (Bergmann and Singer, 1983; Saraste and Kuismanen, 1984) , and then traverse the entire stack (Bergmann et al., 1981; Green et al., 1981; Wehland et al., 1982; Griffiths et al., 1983 (Geuze et al., 1983; Helenius, et al., 1983; Pastan and Willingham, 1983; Willingham and Pastan, 1985a ).
In the case of transferrin (iT), iron is released from the ligand intracellularly (Van Renswoude et al., 1982) , followed by recycling (diacytosis) of the apotransferrin-receptor complex to the plasma membrane (Karin and Mimi, 1981; Dautry-Varsat et al., 1983; Lamb et al., 1983; Willingham et al., 1984) . The fact that the location of the iT receptor can be determined or traced by the location ofadded TF or modified TF makes the TF-receptor system particularly useful for membrane recycling studies. The recycling pathway for the iT-receptor complex has been mapped ultrastructurally in uptake studies using IT covalently conjugated to horseradish peroxidase (Hopkins, 1983; Willingham et al., 1984) or fernitin (lacopetta et al., 1983; Yamashiro et al. , 1984 , 1980 ). An additional similarity between the two pathways is that they are both arrested during mitosis (Warren et al., 1983 (Warren et al., , 1984 Sager et al., 1984 
cells (unpublished).
The fixed cultures were repeatedly rinsed with Pi/NaCI followed by a mixture of normal goat globulin (or normal rabbit globulin, depending on the species of the conjugate) as a carrier, 1 mM EGTA and saponin (0.05%) in Pi/NaC1 (GES-Pi/NaCI or RES-Pi/NaCI, respectively) at 4*C.
Ikr some immunofluorescence experiments, the cells were permeabilized with Triton X-100 (0.1% in Pi/NaCI) instead ofsaponin. The cultures were then sequentially exposed to the following affinity-purified antibodies: goat anti-human transfernin followed by rhodamine-labeled rabbit anti-goat 
Results

Light Microscopy
We wished to design an experiment in which exocytic "G" protein and recycling iT would undergo exocytosis at the same time from the same cell. This required that we use a mutant of VSV such as VSV 0-45, which would allow a synchronous release of "G" pro- 
Double-label Electron Microscopy
To document that TF-ferritin followed the same pathway as unlabeled iT, cells were exposed to the TF-ferritin conjugate at 4C
and then warmed up and labeled using immunofluorescence with anti-ferritin.
The cellular distribution of ferritin was identical to that described above for iT alone in immunofluorescence. The binding and uptake ofTF-ferritin was inhibited by exogenous native iT (not illustrated).
In the electron microscope, the internalized TF-ferritin labeled the same structures as TF-HRP (Willingham et al., 1983) , and structures similar to those reported by Yamashiro et al., (1984) .
The cells infected with VSV 0-45 were kept at 39.8*C, rapidly cooled to 4*C, exposed to TF-ferritin, warmed to 32CC in the continued presence of TF-fernitin, fixed at the different time points, permeabilized, and immunoperoxidase-labeled for VSV-"G. Figures  3c and 4) . The ferritin-and peroxidase-labeled vesicular profiles were often in adjacent structures, but were usually distinct (Figures 3 and 4) . Spe- Figure 5 . Structures containing both TF-ferritin and VSV-G" protein. KB cells were labeled as described using cells infected with 0-45 VSV 3 hr before cooling to 4#{176}C. The cells were then labeled with TF-ferritin at 4#{176}C followed by warming to 32#{176}C for 30 (b) or 45 (a,c) mm. After fixation in paraformaldehyde, the "G protein was localized immunocytochemically using HAP labeling. This figure shows the unusual image of single vesicular structures that contain both TF-ferritin and VSV-G" protein. These images are printed at lower contrast to allow ferritin to be seen more easily in a dense background of peroxidase reaction product. The ferritin is shown by small arrows and the HAP reactivity for "G" protein is shown by arrowheads. A collection of elongated tubular elements containing both labels is shown in (a) in a cell that shows no labeling for "G protein on the plasma membrane (pm). A large vacuolar structure near the Golgi stacks is shown in (b) which contains both labels. A smaller vesicular element near a receptosome (R) that contains both labels is shown in (C). Original magnification x 97,000.
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-, In some cases at 30 and 45 mm after warming to 32*C, ferritin could be detected in vesicular structures in the trans-Golgi area that were also labeled with "G" protein ( Figure  SB) , as well as in irregularly shaped elongated tubular elements in the cytoplasm (Figures SA and SC) . These were found in cells which were carefully examined to ensure that no "G" protein was present on the plasma membrane ( Figure  SA ) or in receptosomes ( Figure  SC ).
More than 30 such examples, similar to those shown in Figure  5 , were found on extensive searching of these sections; even though these are rare (<5%) images, they appear to be real entities.
Discussion
We have directly studied whether the rapidly recycling membranous vesicles/tubules, as marked by TF-ferritin, fuse in KB or Vero cells with the exocytic organdIes immunoperoxidase-labeled for VSV-"G" protein on its way from the ER to the plasma membrane.
These two types ofplasma membrane-destined glycoproteins were detected in a large number ofclosely associated intracellular vesicular, tubular, and vacuolar structures, often close to the Golgi stacks, which contained VSV-"G.
"
At early times after entry (Hedman, 1980; Yamada et al., 1980; Bender et aL, 1982; Strous et al., 1983; Anderson and Pathak, 1985) et al., 1983; Brown et al., 1984; Geuze et al., 1984 
